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Liquideliquid extraction of hexavalent uranium from 0.75 M nitric acid media by tributyl
phosphate (TBP)/kerosene was briefly studied, in the present work to eliminate interfer-
ence effects caused by Fe, Zr, Ln, Th and other elements in the determination of uranium.
For this purpose, all factors affecting the extraction process (time of mixing, TBP concen-
tration, temperature, pH, salting out effect, diluent type, effect of interfering elements) and
stripping processes were investigated. The free energy DG, enthalpy DH and entropy DS
were identified proving exothermic and spontaneous reaction of the present extraction
process. The proposed procedure was applied on the extraction and determination of
uranium in rocks using arsenazo III.
Copyright ª 2013, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction Zolfonoun, 2010; Kanno, 1959; Karve & Rajgor, 2008;Arsenazo III was widely applied for the spectophotometric
determination of uranium (VI) (Borak, Slovak, & Fischer, 1970;
Fritz & Johnson, 1959; Holcomb&Yoe, 1960;Marcezanco, 1976,
580 pp.; Nemodruk & Glukhova, 1963; Pe´rez-Bustamante &
Delgado, 1971; Savvin, 1961; Shibata & Matsumae, 1958).
However, spectrophotometric broad band of “U-arsenazo III”
permits considerable interference effects caused by Fe, Zr, Ln,
Th and other elements (Marcezanco, 1976, 580 pp.).
A pre-treatment separation step of uraniumwas therefore,
usually, recommended before its spectrophotometric mea-
surements in rocks (Al-Shaybe & Khalili, 2009; Behpour,
Ghoreishi, Nikkhah, Samiei, & Soltani, 2010; Ghasemi &m.
ptian Society of Radiation
evier
gyptian Society of Radiation ScieMarcezanco, 1976, 580 pp.; Metilda, Sanghamitra, Mary,
Naidu, & Rao, 2005; Paige, Elliott, & Rein, 1957; Rozmaric,
Ivsic, & Grahek, 2009; Seyhan, Merdivan, & Demirel, 2008).
The best known solvent extraction systems for uranium
use tributyl phosphate (TBP). The TBP was chosen as the
simpler andmore efficient, and as givingmore reliable results,
in the separation of uranium from trace metal (Maria, Joao, &
Felismina, 1977; Schulz, Navratil, & Bess, 1987).
Although organophosphoric compounds such as alkyl
phosphine oxide and phosphonate, phosphinate, and also
ethers, ketones are considered more polar than tributyl
phosphate, but the stripping of uranium from these com-
pounds will be very difficult (Ashbrook & Lakshmanan, 1986).Sciences and Applications
nces and Applications. Production and hosting by Elsevier B.V. All rights reserved.
Fig. 1 e Variation of [HNO3]organic against [HNO3]initial.
[TBP] [ 40%, Vorg/Vaq [ 1, t [ 25 C.
j o u rn a l o f r a d i a t i o n r e s e a r c h and a p p l i e d s c i e n c e s 6 ( 2 0 1 3 ) 1e1 02T. SATO (Sato, 1958) studied the extraction of uranium (VI)
from 6 M nitric acid solutions using TBP.
From the above TBP was used for separation of uranium
but there are some disadvantages:
1 HNO3 itself is also extracted, thus compety uranyl ion
transfer to the organic phase as shown in following Fig. 1
(Sato, 1958) and the extraction mechanism of nitric acid
by tributyl phosphate can be expressed by the following
Equation (1):
Hþ þNO3 þ TBP4TBP$HNO3 (1)2 Great excess of nitrate concentration promotes the for-
mation of unextractable anions such as [UO2(NO3)3]

(Habashi, 1993).
3 In the extraction of uranium by TBP from 5M HNO3 lead to
increase the probability of extraction of a number of ele-
ments (Steinnes, 1975; Volk, Vakhrushin, &Mamaev, 2000).
So, it is necessary to use diluted nitric acid below 1MHNO3
in the extraction of uranium (VI) from rocks which its con-
centration by ppm not percent and study all factors affecting
the extraction by TBP/kerosene.
The study pointed out that, the main parameters affecting
the extraction process are mainly concentration of organic
extractant, type of diluents, temperature, pH, organic/aqueous
phase ratio, effect of salting out addition, and shaking time. The
effect of different cations present as interfering ions on theFig. 2 e Spectrum for “uraniumearsenazo III” compleextraction of uraniumwas also studied. Beside factors affecting
stripping process such as; type of stripping agents, organic/
aqueous phase ratio, and shaking time. It has been taken into
consideration that, during the study, the variability effect of
one factor on the extraction and stripping of U(VI) from its so-
lution, the other factors are fixed constant.
1.1. Experimental
Laser fluorometry “UA-3” Uranium Analyzer (Scintrex, Can-
ada) was used, in the present work, for uranium analysis.
A double beam spectrophotometer (UNICAM, England) was
used for elements analyses.
All the applied chemicals were highly pure for chemical
analysis. Stock solutions were standardized using the conven-
tional methods (Mendham, Denny, Barnes, & Thomas, 2000).
1.2. Extraction process
Batch experiments were carried out by equilibrating equal
volumes of TBP in kerosene with 25 ppm uranium(VI) solution
in stoppered glass bottles using a magnetic stirrer. After
equilibration and phase separation, the uranium concentra-
tion in the aqueous phase was determined spectrophoto-
metrically whilst the concentration in the organic phase was
obtained by mass balance. The percentage of extraction was
calculated from Eq. (2):
%E ¼ 100 DðPÞ
1þ DðPÞ (2)
where P is the phase volume ratio; D is the distribution coef-
ficient. All experiments were carried out by equilibrating for
10 min at room temperature (25  1 C) and pH 2; except when
the effect of time, pH and temperature on the distribution
equilibrium was studied.2. Results and discussion
Spectrophotometric broad band of “U-arsenazo III”, Fig. 2,
permits considerable interference effects caused by Fe, Zr, Ln
and other elements (Marcezanco, 1976, 580 pp.).x measured against 0.25% arsenazo III as blank.
Table 1 e The main chemical composition and uranium contents in the two international standard samples, “DL-1a” and
“DH-1a”.
Standard sample Main elements concentrations, %
SiO2 Fe Al Na K Ca Mg Th U
DL-1a 85.5 0.9 5.3 0.09 0.2 0.3 0.2 0.0076 0.0116  0.0003
DH-1a 79.75 5.17 3.44 0.04 1.43 0.04 0.07 0.091 0.2629  0.0003
Table 2 e Uranium concentration in standard reference
rock samples using conventional method.
Standard
sample
Expected U
concentration,
ppm
Concentration of U found
after TBP extraction from
high nitrate medium, ppm
DL-1a 116 180
DH-1a 2629 3200
j o u r n a l o f r a d i a t i o n r e s e a r c h and a p p l i e d s c i e n c e s 6 ( 2 0 1 3 ) 1e1 0 3A pre-treatment separation step of uraniumwas therefore,
usually, recommended before its spectrophotometric mea-
surements in rocks.
Conventional procedure (Marcezanco, 1976, 580 pp.), TBP
extraction from high nitrate medium, is used for determina-
tion of uranium in the two international standard uranium
samples (Canadian Central for Mineral and Energy Technol-
ogy standards (CANMET), certifying agency). “DL-1a” and “DH-
1a” (Table 1). The result presents from Table 2 shows that
enhancement due to the interference by trace metal.
So, it is necessary to use diluted nitric acid below 1MHNO3
instead of high nitrate concentration in the extraction of
uranium (VI) from rocks which its concentration by ppm and
study all factors affecting the extraction in additional to pH.
Varying extraction conditions are thus studied in the
following part of work.
2.1. Extraction process
2.1.1. Effect of TBP concentration on the uranium extraction
Many experiments have been performed to elucidate the
suitable concentration of the solvent extractant [TBP]. To
study the effect of extractant concentrations on the extraction
efficiency of uranium (VI), different solvent concentrations
were used in the range 10e90% at pH 2 and other factors areFig. 3 e Effect of TBP concentrationconstant. The obtained results of distribution coefficient (D)
and % extraction from the experiments are represented in
Fig. 3. The extraction of uranium (VI) increased steadily with
an increase in TBP concentration up to 25% and then pla-
teaued. A plot of log D versus log [TBP] is presented in Fig. 4,
which shows a linear correlation with a slope w2 indicating
the requirement of 2 mol of TBP for each mole of the uranium
(VI). This linearity can be interpreted as follows:
UO2ðNO3Þ2 þ nTBP/UO2ðNO3Þ2$nTBP (3)
K ¼
h
UO2ðNO3Þ2$nTBP
i
h
UO2ðNO3Þ2
i
$½TBPn
¼ D½TBPn (4)
D ¼ K½TBPn (5)
Log D ¼ n Log½TBP þ Costant (6)
2.1.2. Effect of diluents on the uranium extraction
Diluents themselves are unable to extract metal ion from the
aqueous phase, but they greatly affect the extraction behavior
of the solvent (Habashi, 1993). Therefore, various aromatic
and aliphatic solvents were tested as diluents for the extrac-
tion of uranium (VI) with 25% TBP Table 3. The extraction of
uranium (VI) was maximum with kerosene, chloroform and
carbon tetrachloride as diluents but benzene, xylene and
toluene proved to be poor diluents. It is reported that there is
sometimes a correlation between the effect of a diluent and its
dielectric constant but no such correlation was found in our
present study Table 3. However, short equilibrium time and
good phase separation was achieved when aliphatic diluents
were used compared to aromatic diluents. This probably due
to lower solubility of the extracted species in these diluents.
This could be due to steric hindrance of aromatic rings ofon uranium extraction (%E).
Fig. 4 e Plot of log D versus log [TBP].
j o u rn a l o f r a d i a t i o n r e s e a r c h and a p p l i e d s c i e n c e s 6 ( 2 0 1 3 ) 1e1 04benzene and toluene. Considering several factors like cost,
environmental and safety aspects andmaximum uranium(VI)
extraction efficiency, aliphatic kerosene was preferred as the
diluent for further studies.
2.1.3. Effect of equilibration time on the uranium extraction
The effect of equilibrium time (1e20 min) on the extraction of
uranium(VI) was studied using 25% TBP in kerosene while
other factors were kept constant. The obtained data are dia-
grammatically plotted as shown in Fig. 5. The results (0.5%)
shown in Fig. 5 clearly indicate that 10 min is quite adequate
for efficient uranium (VI) extraction.
2.1.4. Effect of pH on the uranium extraction
The percentage extraction of uranium (VI) from aqueous ni-
trate mediumwas studied using 25% TBP within the initial pH
range 0.25e5. As shown in Fig. 6, the extraction of uranium (VI)
reached a maximum (%) at equilibrium pH 2e2.5 where the
formation of an ionepair complex in nitrate media is favor-
able. With a further increase in pH, uranium (VI) extraction
decreased steadily to 50%. At higher pH, there is a possibility
of hydrolysis of the U (VI) ionepair complex.
The lower values obtained at higher acid concentrations
(pH < 1) are due to competition between the extractable ura-
nium (VI) species and NO3 which predominates in nitrate
media at low pH (Sato, 1958).
2.1.5. Effect of organic: aqueous phase ratio on the uranium
extraction
The organic: aqueous phase ratio has a significant effect on
distribution coefficient and entrainment. This effect wasTable 3 e Effect of diluents on the extraction of uranium
by TBP.
Type % of
extraction
Distribution
coefficient (D)
Dielectric
constant
Benzene 66 1.94 2.30
Toulene 76 3.16 2.23
Xylene 80 4.00 2.28
CCl4 80 4.00 2.23
Kerosene 95 19 2.00
Chloroform 92 11.5 4.90studied by changing the aqueous:organic phase ratio from 1: 5
to 2:1. The results presented in Fig. 7 clearly showed that a
phase ratio of 1:1 gives the best extraction of uranium (VI). At
the 1:1 ratio, the rate of coalescence and re-dispersion of the
dispersed phase is also enhanced.
2.1.6. Salting out effect on the uranium extraction
The effect of nitrate ions on uranium extraction of uranium at
25 C was investigated by shaking equal volumes of the
aqueous phase, which contains 25 ppmuranium and different
samples of NaNO3 solutionswith concentrations ranging from
(0e0.8M) and constant nitric acid concentration of 0.75Mwith
25% TBP/kerosene. The results presented in Fig. 8 clearly show
that the extraction of uranium (VI) increase with increase of
NaNO3 concentration.
2.1.7. Effect of temperature
The extraction of a metal complex into an organic phase in-
volves large changes in enthalpy (solvation processes) and in
entropy (solvent orientation and restructuring), leading to
considerable temperature effects.
To study the effect of temperature on extraction of ura-
nium (VI), experiments were carried out in a thermostat with
mechanical shaking for 10 min. Temperature was varied in
the range 25e55 C. Extraction study was carried out using
25% TBP/Kerosene at a phase ratio 1:1 in presence of 0.6 M
NaNO3 and pH 2e2.5. The results are presented in Table 4 and
shown in Fig. 9 showing that the extraction of uranium (VI)
decreased from 99% at 25 C to 88% at 55 C. This behavior is
agreed with that reported by previous investigators (Stas,
Dahdouh, & Shlewit, 2005).
Fig. 10 plots Log D versus 1000/T, K1 which gives a straight
line whose slope equals (DH/2.303R) for the extraction of
uranium(VI) by TBP from 0.75 M HNO3 solution. The DH value
for uranium(VI) was 55.72 kJ/mol as calculated from the
slope using the Van’t Hoff equation (Eq. (7)).
Log D ¼ DH
2:303RT
þ C (7)
Where D is the distribution coefficient, DH the enthalpy
change for the extraction reaction, R is the universal gas
constant (8.314 J/mol k) and C is a constant for the system.
This value of DH was used to obtain the corresponding free
Fig. 5 e Effect of equilibration time on uranium extraction (%E).
Fig. 6 e Effect of pH on uranium extraction (%E).
Fig. 7 e Effect of O/A phase ratio on uranium extraction (%E).
Fig. 8 e Effect of concentration of NaNO3 on uranium extraction (%E).
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Table 4 e Effect of temperature on the extraction process.
Temperature, C % of extraction Distribution
coefficient, D
25 99 99.00
30 95 19.00
35 94 15.66
40 93 13.28
45 91 10.11
50 90 9.00
55 88 7.33
Fig. 9 e Effect of temperature o
Fig. 10 e A plot of log D against 1000/
Fig. 11 e Effect of concentration o
j o u rn a l o f r a d i a t i o n r e s e a r c h and a p p l i e d s c i e n c e s 6 ( 2 0 1 3 ) 1e1 06energy (DG ¼  11.35 kJ/mol) and entropy (DS ¼ 148.9 J/mol K)
at 298 K using Eqs. (8) and (9), respectively:
DG ¼ 2:303RT log D (8)
DG ¼ DH TDS (9)
The negative value of DH indicates that the extraction of
uranium in this system is an exothermic process and the re-
action becomesmore favorable at room temperatures, with an
increase in the randomness of the system shown by the high
positive value of the entropy change (DS). The negative valuen uranium extraction (%E).
T, KL1 for extraction of uranium.
f acid on stripping efficiency.
Fig. 12 e Effect of contact time on stripping efficiency of uranium.
Fig. 13 e Effect of organic/aqueous (O/A) ratio on stripping efficiency of uranium.
j o u r n a l o f r a d i a t i o n r e s e a r c h and a p p l i e d s c i e n c e s 6 ( 2 0 1 3 ) 1e1 0 7of DG indicates that the extraction reaction is spontaneous.
On the other hand, the observed decrease in the negative
values of DG with elevated temperature implies that the
extraction reaction becomes more favorable at room
temperatures.Table 5 e Effect of interfering ions on 10 ppm uranium on
its extraction from 0.75 M nitric acid medium by 25% TBP
in kerosene.
Element Concentration
taken, ppm
Concentration found
after U extraction, ppm
e e e
Na 100 100
K 100 100
Ca 100 100
Mg 100 100
Al 100 100
Fe 100 100
REEs 10 10
Th 10 8.6
Co 5 5
Cu 5 5
Zn 5 5
Cr 5 5
V 5 5
Ni 5 52.2. Re-extraction process (stripping)
A general procedure for this technique is as follows: the
loaded solvent is contacted with a suitable strip solution at an
appropriate phase ratio until equilibrium is attained. The
aqueous phase is then removed and analyzed for uranium.
Stripping process depends on a number of factors, which have
to be studied in order to obtain the best stripping efficiency.
The factors under consideration are effect of different strip-
ping agents, effect of contact time, and effect of organic/
aqueous phase ratio.Table 6 e Effect of EDTA on masking of thorium during
uranium extraction.
mL of EDTA
added
Th found in aqueous
phase, ppm
Masking efficiency
of Th, [%]
1 21.5 86
2 22 88
3 23 92
4 24 96
5 25 100
6 25 100
Fig. 14 e Effect of mL added of EDTA for masking thorium during uranium extraction.
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To recover uranium from the organic phase, certain stripping
agents were tried for back extraction of uranium from
organic phase. The stripping agents were used HCl, H2SO4,
HNO3, and CH3COOH in the range 0.5e7 M with an A:O ratio
of 1:1, and the results compared with those from water back
wash. The results presented in Fig. 11 show that 3 M
CH3COOH and 3 M H2SO4 are more effective than nitric acid
and hydrochloric acid for the quantitative stripping of ura-
nium (VI). Also the water as stripping agent is less effective
than the other agents tested, except chlorides. The decreased
stripping by chloride must be the result of the stronger
complexing of uranyl chloride by TBP opposing the back
extraction of uranyl ion from the organic phase. 3 M
CH3COOH is the best due to giving high stripping efficiency
(98%) it’s the favorable media for determination of uranium
with arsenazo III.
2.2.2. Effect of contact time on the stripping process
The effect of contact time on the attainment of an equilib-
rium state has been studied at the time intervals 1e20 min
while the other factors were kept constant at 3 M CH3COOH
and (1:1) organic/aqueous phase ratio, the experiments
were carried out at room temperature. The results
obtained are given in Fig. 12. It is observed that contact time
of 10 min is sufficient for uranium stripping from loaded
solvent.Table 7 e Comparison of uranium concentration in
standard reference rock samples and found using this
method.
Standard
sample
Expected U
concentration,
ppm
Concentration
of U found
after extraction,
ppm
Relative
standard
deviation
(RSD)
DL-1a 116 112 0.67
113
113.5
DH-1a 2629 2623 0.15
2620
26152.2.3. Effect of aqueous/organic phase ratio
This effect on the stripping process was studied by changing
aqueous/organic phase ratio (v/v) as 1/1, 2/1, 3/1, and 1/2. The
results obtained were given in Fig. 13. It is observed that the
aqueous/organic phase ratio 1/1 is the best ratio as it gives the
best stripping efficiency of uranium.
2.3. Effect of presence interfering ions
Interfering ions with uranium are defined as: the incorporated
ions which are present in a solution with uranium and
consequently affect the efficiency of uranium extraction and
determination.
In the present work, the effect of different interfering ions
concentration on uranium extraction using TBP dissolved in
kerosene (25%) was investigated. In this respect, the extraction
of uranium was performed first without the presence of any
interfering ion at 1:1 (V/V) aqueous to organic phase ratio to
notice any changes whichmight be caused by interfering ions.
The elements of the interferences tested in the present work
are Na, K, Ca,Mg, Al, Fe, REEs, Th, Co, Cu, Zn, Cr, V, andNiwere
chosen because these elements are composing the matrix of
most of the geological samples. The obtained results are given
in Table 5. From the results obtained, it is possible to notice
clearly that only thorium interfere in the extraction process.
A method was required for the determination of uranium
in presence of thorium. To avoid this interference, it is
necessary to add some complexing agents during the extrac-
tion process. The best known method is the addition of EDTA
(Athavale, Mahajan, Thakoor, & Varde, 1959; Savvin, 1964;
Venkatesh & Maiti, 2005), which forms very stable com-
plexes with many elements including thorium but unstable
with uranium. The quantity of EDTA requiredmust be studied
for masking of Th and separation from uranium during
extraction by TBP as follow:
2.4. Principle of the method
To themixture of uraniumand thorium (25 ppmU(VI)þ 25 ppm
Th(IV)) in the 0.75MHNO3, EDTA (0.05M)was added in different
volumes and the pH adjusted to 2 then extracted with 25 %TBP
in kerosene. Uranium and thorium were determined in the
aqueous phase. The results presented in Table 6 and Fig. 14
show that 5 mL are sufficient for masking thorium.
Table 8 e Comparison of uranium concentration in samples using this method and other techniques.
Sample
number
Calculated U concentration,
ppm using ICP, Canada
Calculated U concentration,
ppm using laser fluorometer
Concentration of U found,
ppm after separation
Relative standard
deviation (RSD)
1 100 100 95 0.79
96
96.5
2 800 810 800 0.31
805
803
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extraction and determination of uranium in rocks
The solvent extraction results obtained in this work showed
that uranium (VI) can be quantitively extracted using 25% TBP
dissolved in kerosene by O/A ratio 1:1 to extract uranium from
0.75 M nitric acid under certain conditions. In general, it was
found that it is possible to use TBP for selective extraction
followed by spectrophotometric determination of uranium
using arsenazo III as a sensitive reagent.
Certified reference rock samples and chosen rock sample
have been analyzed and the obtained results are given in
Tables 7 and 8.3. Conclusion
The solvent extraction results obtained in this work showed
that uranium (VI) can be quantitively extracted using 25% TBP
dissolved in kerosene by O/A ratio 1:1 to extract uranium from
0.75M nitric acid at pH¼ 2 with addition of 5mL EDTA (0.05M)
and 0.6 M NaNO3. The thermodynamics proves exothermic
and spontaneous reaction of the present extraction process.
Stripping uranium from loaded solvent by 3 M acetic acid, A/O
ratio 1/1, contact time 10 min, at room temperature. Stripping
process followed by spectrophotometric determination of
uranium using arsenazo III as a sensitive reagent.
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